INTRODUCTION
Marine reserves, also known as 'no-take areas', are defined as "…areas of the sea completely protected from all extractive activities. Within a reserve, all biological resources are protected through prohibitions on fishing and the removal or disturbance of any living or nonliving marine resource, except as necessary for monitoring or research to evaluate reserve effectiveness." (NCEAS, 2001) . Marine reserves often occur as a smaller zoning category within larger marine protected areas (MPAs) that may have a number of differently zoned areas within. Due to an accumulation of empirical and theoretical information over the past decade, marine reserves are now considered one of several critical tools for fisheries management and conservation (e.g., PDT 1990 , Roberts 1997 , Allison et al. 1998 , Hastings and Botsford 1999 , Murray et al. 1999 , NCEAS 2001 . Because marine reserves are areas closed to all forms of extraction, they protect a spatially explicit portion of the ecosystem (assuming that the area is protected from other stresses, such as water quality or benthic habitat degradation). There are unique management capabilities offered by marine reserves, not feasible using other forms of regulation, which are derived from this spatially explicit nature. These include, but are not limited to maintaining system biodiversity, productivity and integrity, enhancing spawning stocks, conserving genetic diversity, serving as biological reference points (i.e., control areas) for assessing the impacts of fishing, and providing a buffer against management failure (Bohnsack 1999) .
Several basic design principles for marine reserves were specified by Ballantine (1997a,b) : 1) representation--all marine habitats (as a proxy for their associated biotic assemblages) in each biological region should be represented; 2) replication-all habitats must be replicated; and 3) self sustaining. The latter requires that the system include all structural (habitats and species) and functional (e.g., nursery, feeding and spawning grounds, and cross-habitat transfers of organic matter; see Salm and Clark 1989) components necessary to maintain itself. That is, habitats and areas should be linked in a network fashion. The requirement for connectivity among reserve areas must be viewed on a variety of spatial scales. At one scale, the principal mechanism for genetic exchange and population dispersal in marine organisms is the planktonic egg and larval stage. Temporal scales for this range from a few days (e.g., top shell) to six months (e.g., spiny lobster), but for the majority of species larval periods range from 2-8 weeks (Leis, 1991) . Effective distances traveled during this time depend on the poorly understood interaction of current patterns and larval behavior, but recent studies within different areas of the Caribbean indicate that recruitment of reef fish larvae can occur on a local scale (10-100 km) (Swearer et al. 1999 , Cowen et al. 2000 , Ramirez Mella 2000 , Lindeman et al. 2001 .
More locally, connectivity may be viewed at the scale of individual organisms that utilize a range of bottom habitats during demersal life stages, either through ontogeny (e.g., Eggleston 1995 , Appeldoorn et al. 1997 , through daily feeding migrations (e.g., Stark and Davis 1966 , Ogden and Quinn 1984 , Tulevich and Recksiek 1994 or for spawning (e.g., Colin et al. 1987 , Shapiro 1987 , PDT 1990 . Scales of movement may range from < 1 km for feeding migrations or individual ontogenetic habitat shifts to > 10 km for spawning migrations and complete ontogenetic migrations. Maintaining habitat connectivity at these smaller scales can be achieved by either creating large, all encompassing reserves or by networking a series of smaller reserves covering specific habitats. The latter may be more socially acceptable, at least initially, but assumes some knowledge of the movements of individuals and their habitat requirements, and the scale of functional processes critical to maintaining habitat integrity.
Typical of world fisheries in general, most resources in the Caribbean are thought to be fully or overexploited, particularly in coastal and coral reef environments (FAO 1993) , perhaps for a century or more for some species (Jackson 1997 , Jackson et al. 2001 ). Limitations to assessing these fisheries in a timely and accurate manner include the wide diversity of gear used, multispecies diversity of the catch, the large number and diversity of landing sites, and the limited resources available for collecting and analyzing the necessary information (Mahon 1997 , McConney 1998 , as well as just the shear complexity of threats facing shallow-water environments in the Caribbean (e.g., Spalding et al. 2001) . Thus, the importance of marine reserves as a management tool within the region is emphasized by the stressed stocks and the need for effective management, the limited options for management using data intensive methods, and the fact that the coastal resources are those most in need of management. Fishery resources generally have a strong association with the bottom and limited means of postlarval dispersal, particularly those associated with coral reefs. These are characteristics in which use of marine reserves should have the greatest impact (PDT 1990 , Sladek Nowlis and Roberts, 1997 , Chapman and Kramer 1999 .
To fully implement marine reserves as an integral component of biodiversity and fisheries management, the challenge of developing functional networks through the principles of connectivity must be met at both local and regional levels. Within the Caribbean, there are over 38 countries and over 50 international organizations with responsibility for fisheries, plus numerous nongovernmental organizations (NGOs). Effective reserve networking will thus entail both national programs and international cooperation. Regional planning must occur on both an intergovernmental basis and amongNGOs to target priority areas. These efforts must address not only scientific issues concerning ecological connectivity at these various scales, but they must also address the legal and social factors (e.g., Kenchington 1991, Bunce et al. 2000) that affect marine reserve implementation and success. This is especially important for decisions affecting the location and size of proposed reserves and their ultimate effectiveness, e.g. public acceptance and compliance.
While the need for management and the role of marine reserves within the Caribbean are clear, progress within the region toward this end is not. We have undertaken a Caribbean-wide survey of existing marine reserves to determine their current status relative to their potential effectiveness to achieve management goals. Although our study builds on past compilations of Caribbean MPAs (e.g., Kelleher et al. 1995 , Spalding et al. 2001 , Woodley et al. 2000 , it differs in its exclusive focus on marine reserves and their status with respect to biological design criteria and compliance. In particular, our objectives were 1) to determine the number, location and size of these reserves, and the coarse habitat types they protect, 2) to identify how long reserves have existed in the region and temporal trends in their establishment, and 3) to assess the level of compliance and the factors potentially affecting their success. We examine patterns among these parameters with a particular emphasis on reserve design principles and connectivity at differing spatial scales. In doing so, we recognize that marine reserves within the region have been designed to serve a variety of goals that may or may not be related to fisheries management, or may be related to only a single species and so designed in consideration of its particular ecology. These differences often make comparisons among reserves difficult in terms of both their structure and administration. However, our purpose is to determine overall patterns within the region as an assessment of the current status of marine reserves, regardless of origin or rationale, as these form a potential basis from which to establish functional networks on the local, subregional, and regional level.
METHODS
This survey was limited to marine reserves (= no take areas), often smaller parts of larger multi-use zoned MPAs, that were designated by the end of 2000. The geographic scope included the Caribbean basin, the Bahamian Archipelago, and Bermuda. The Florida Keys have been summarized in other studies and were not included. This survey was based on an extensive literature review, including a wide array of gray-literature, a search of Web-based information, and interviews and correspondence with many colleagues and local and regional fisheries officers, and MPA managers. We developed a survey instrument that was used to direct our inquiries and compile the information received. Many administrative variations occur and we additionally noted areas that restricted all extraction of at least some key species or that were planned but not yet designated. Parameters sought for each reserve included size, location, habitats encompassed, year established and closure enacted, the responsible management agency and whether anchoring or scuba diving were allowed.
We also scored, based on knowledgeable local reserve experts, the current degree of compliance with the closure. Scores were ranked on a scale of 1-4 according to Table 1 . A 4-point scale was chosen to avoid the bias associated with respondents choosing a middle value. The criteria were based on perceived changes in fishing intensity, which was one of the most parsimonious measures, as opposed to some measure of absolute degree of fishing mortality (typically unavailable). Actual estimated impacts of closure will also depend on degree of fishing prior to closure. The lowest rank corresponded to no compliance and the highest rank corresponded to complete enforcement. As no system is perfect, for the latter we accepted a level of 95% reduction in fishing effort. Although somewhat arbitrary, this level is logical if all proposed benefits of marine reserves were to accrue given sufficient size and time, and considering the small size of many current reserves. This level was also based on observations that even low levels of fishing will have some impact (Beets 1997 , Coblentz 1997 . The middle two ranks were designed to split the remaining range, each being 30% from either extreme. A 30% reduction should show some impact, perhaps in larger sizes of exploited species (i.e., greater yield per recruit inside reserve), and a 70% reduction was needed to observe some of the desired impacts that would come from full protection (e.g., some degree of protected spawning stock, some changes in community composition).
The issue of compliance is potentially a politically sensitive issue that could lead to an overestimation of reserve effectiveness. Although we relied on knowledgeable local experts, in many cases these were not agency representatives or at least not of the agency responsible for the reserve, and they were persons with whom we had sufficient experience to trust that their assessments would be free of political bias. In addition, our direct experience with specific reserves and published accounts were used to review assessments. In only one case was a local assessment of compliance found to be questionable, and this was clarified and modified in follow-up communications.
Lastly we considered five administrative attributes associated with reserve management and their relationship to reserve success (Pollnac et al. in press) . These specific conditions could be ascertained without extensive on-site data collection and included: the designation of a reserve manager/coordinator, whether a specific management plan had been written and whether the plan had been implemented, whether a specifically designated advisory committee existed, and whether this committee met regularly. Responses for these attributes were ranked on a three-point scale. In all cases the extreme ranks referred to full "yes" or "no" responses. The middle rank was given when the situation was not clearly one or the other. The logic behind these rankings was to distinguish between on-site activities that directly incorporate community stakeholders from those related to government or agency function, but that could still signifi- cantly contribute to successful on-site management. Explicitly, a middle rank was applied when a specific person was identified as having responsibility for a reserve, but that this person was located within a central government agency and could not be considered as being "on site". Considering management plans, middle ranks were given for those reserves identified as actively developing a management plan, and also to those identified that had only some aspects of an existing plan implemented. With respect to advisory committees, a middle rank was given for advisory committees that were formed from representatives of central government agencies with responsibilities for other areas or functions as well. This ranking was also given to committees that met regularly, but at intervals of at least once per year or longer.
RESULTS

Geographic patterns
A total of 55 no-take marine reserves in 21 countries were identified to date within the wider Caribbean (= Caribbean Basin and Bahamian Archipelago). As complete information from some areas has not yet been obtained, the actual number should be somewhat larger. Another 30 reserves are located on the Bermuda Platform, of which 19 represent wreck sites. In some cases it is difficult to classify protected areas using a simple "no-take" definition. This occurs when fishing is allowed, but the spatial scope is limited to an extent that there still remain broad areas protected. For example, line fishing from the shoreline is allowed in the Princes Alexandra Nature Reserve, Turks and Caicos Islands (i.e., a perimeter effect only), and in Cayo Doce Leguas, southeast Cuba, lobster fishing and limited catch and release fishing on three species are allowed (i.e., only a negligible impact to fish communities given the large size of reserve). Because of their regional importance, these areas were included in the analyses.
Further analyses will be limited to the wider Caribbean, except when specifically noted. Not all information desired was available for all reserves, and analyses are based on the number of responses obtained. Figure 1 shows the timeline for the establishment of marine reserves in the Caribbean. The first reserves were two small areas within the US Virgin Islands, Buck Island on St. Croix (1961) and Trunk Bay on St. John (1962) . Since that time there has been sporadic development of reserves, with the rate of implementation increasing in the mid 1980's and again in the late 1990's ( Figure 1 ).
Existing marine reserves are distributed throughout the wider Caribbean (Table 2, Figure 2 ). Even on this large scale, obvious gaps can be observed, such as the entire island of Hispaniola, the continental coasts of Nicaragua and Honduras, the north coast of Cuba (soon to change) and portions along the southern margin of the 1 9 6 0 1 9 6 2 1 9 6 4 1 9 6 6 1 9 6 8 1 9 7 0 1 9 7 2 1 9 7 4 1 9 7 6 1 9 7 8 1 9 8 0 1 9 8 2 1 9 8 4 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 Year Established Bermuda Caribbean Basin and Bahamian Archipelago basin (Panama, Columbia and Venezuela). The highest density of reserves is in Mesoamerica with 18 (Figure 3) , particularly in Belize and Quintana Roo, Mexico. Reporting from Honduras is incomplete and several reserves may subsequently be identified, particularly among the Bay Islands just off the northern Honduran coast. The Greater Antilles region has at least 15 reserves. Regionally, lower numbers of reserves are present in the Lesser Antilles (6), Bahamian Archipelago (6), Southwest Caribbean (5), and Southern Caribbean (5) ( Table 2 ). Figure 4 gives the frequency distribution of the area protected by each reserve. Data were available for 75% of Specific information on the habitats protected within each reserve was the most difficult to obtain. At present, no information was given for almost 60% of the identified reserves, and in some other cases only vague descriptions were offered, e.g., "reef". The majority of reserves are oriented toward the protection of coral reefs, with most also protecting associated habitats where present, such as seagrass beds, sand/algal plains and mangroves. Some reserves, such as those in northern Costa Rica, encompass softbottom areas devoid of reef environments, while several others primarily target large extents of seagrass and or/mangrove, such as McBean Lagoon National Park, Old Providence in Colombia, Corozal Bay Wildlife Sanctuary in Belize (motivated by manatee protection) and Bell Sound Nature Reserve in the Turks and Caicos Islands (designed to protect bonefish).
Areas and habitats
With respect to potential damages from anchoring and diving activities, the degree of protection was variable among reserves. Based on a 77% response rate for these questions, 47% of the reserves prohibited anchoring, although this may be actively discouraged at other sites, and 23% prohibited scuba diving activities. A growing number of sites are providing mooring buoys to prohibit anchoring but allow controlled diving activities.
Administrative attributes and compliance
Rates of compliance/enforcement for 88% of the sites are shown in Figure 5 . No or marginal compliance (Ranks 1 and 2) were reported for 45% of the reserves, indicating a significant proportion of the reserves are ineffective. Of the remaining, 39% reported some effective compliance and only 16% reported the highest level of compliance. The relationships between the rank of reserve compliance and the five administrative attributes (Figures 6-10) show that in all cases a higher enforcement rank is associated with a higher probability of occurrence of attributes expected to contribute to reserve success. Of particular note is the difference between having a written management plan (Figure 7 ) and whether the management plan had been implemented (Figure 8 ). In the former, all but one of the reserves showing the highest rank of compliance had a written management plan, but there was no difference among the other compliance ranks in the percentage having a written plan. A more obvious trend was evident when those reserves actively developing a management plan were considered (a further indication of current activity). In contrast (Figure 8 ), the percentage of reserves having the management plan fully implemented correlated well with rank of compliance. Further consideration of reserves showing only partial implementation of the management plan (an indication of problems) weakened, but did not eliminate the correlation.
DISCUSSION
The 55 no-take Caribbean reserves identified in this study are substantially more than commonly perceived for the region, and much greater than what is represented in the literature. On a regional level, it is clear that the existing reserves fall far short of fulfilling basic design principles for marine reserves. Reserves are designated for a variety of reasons, and the patterns observed may reflect funding and tourism opportunities rather than a specific concern for fisheries management. While marine reserves can be necessary components of fishery management systems, reserves should be established to serve a variety of needs related to coastal management, conservation, research, education, etc. (see Bohnsack 1998) . With this view, the increasing rate at which reserves are being designated and their wide distribution, representing the majority of countries across the region, and a slow, but increasing focus on outreach to fishers and real compliance, are points to build from.
One implication from this study is the difficulty in compiling such information on a region-wide basis. Much of this results from communication problems within and across certain areas. Many of the agencies are understaffed and overburdened, such that personnel cannot easily allocate priority to addressing outside requests for information, especially if the information is not readily at hand. In this sense, the survey was facilitated by prior professional relationships with knowledgeable in-country experts who were willing to respond on the basis of personal interest. A third factor constraining assembly of this information, is that such information may simply not be known. For example, detailed habitat assessments require either a systematic habitat map or considerable in-situ experience at the reserve site. Estimation of the effectiveness of a reserve ideally requires surveys of managers, law enforcement personnel, and fishermen, or direct examination of the status of supposedly protected resources. All of these needs are typically underfunded and not subjected to detailed evaluation.
These points can constrain analyses, despite efforts to eliminate biases and obtain information from multiple sources. However, our analyses are based on regional trends, which are not generally subject to the specifics of one particular reserve. Furthermore, the administrative 
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CARIBBEAN MARINE RESERVES landscape for MPAs in general, including marine reserves, is extremely dynamic, and reasons for designating reserves are diverse. New reserves are constantly being added, and others modified (Mahon and Mascia, 2003) . A reserve with a weak legal basis can be effective given strong leadership (e.g., Woodley et al. 2003) , while one with a strong basis can be undercut by weak administration or enforcement (e.g., Beets and Rogers in press). These impede attempts at comparing marine reserves using standardized criteria. Greater access to and confirmation of available information is possible, but at substantial cost, and would also include examining original documentation and legislation, analysis of funding sources and independent verification using on-site inspection and interviews. However, the extra time and cost of such an endeavor would most likely reduce the analysis to a small subset of sites (e.g., Mascia 2000) . 
Representation and replication
The existing reserves are spaced throughout many areas of the region, so they represent species and populations associated with both continental and island environments, which can vary physiographically in manners that influence species distributions (Robins 1971 (Robins , 1991 . In general, however, these reserves overwhelmingly represent coral reefs and associated habitats. In the shortterm, this emphasis is understandable given the anthropogenic stress currently placed on reefs within the region and the charisma and economic importance of reef resources. However, efforts toward the full spectrum of biodiversity conservation and fisheries management must eventually target a broader array of habitats. Distinctly missing in many areas are protected habitats associated with important deep-slope snapper-grouper resources, open shelf areas of soft or hard bottom, as well as dense mangrove or seagrass areas not immediately adjacent to reefs.
The question of replicating representative habitats can be viewed at various spatial scales. One reason this 
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is a design criterion is to ensure that representatives of threatened biota remain intact should something happen to a subset of reserve areas. This could occur in the form of increased anthropogenic pressures coupled with management breakdown or catastrophic natural disturbances such as hurricane damage. In this context, the number of replicates needed is not large and could be based on a statistical probability of reserve collapse. A bet-hedging strategy would ensure that replicate reserves are spread throughout the region to reduce the probability of more than one or two reserves being lost from any single event.
Within this context, the current marine reserves may provide some preliminary degree of replication, at least among the reef associated habitats that are most prevalent within Caribbean reserves. 
Percent
On a local scale, however, the requirement for habitat replication becomes greater. Replication is considered one important mechanism to overcome chance errors in reserve location (Appeldoorn 2001) , such as being sited in an area acting as a population sink (Crowder et al. 2000) . Furthermore, principles of connectivity (see below) require that the spacing between habitat replicates be small enough that replicates do not become ecologically disjunct, so that a damaged reserve could be reseeded from species in a nearby reserve. Given that political jurisdictions tend to be rather absolute, bethedging would suggest that each country have several replicates within its own jurisdiction, such that it is not wholly dependent on the effectiveness of neighboring marine reserve policies, especially considering the potential for local larval retention , Sponaugle et al. 2002 . The large percentage of current reserves showing poor compliance illustrates this point. Nevertheless, transboundary arrangements for reserve networks are often preferred. At this scale, significant replication is only being approached in Mesoamerica, particularly in Belize and Quintana Roo, Mexico.
Area
An important design principal concerns the total area to be protected. However, there is no established consensus on the total percentage of area that should be closed. A total of 20% (PDT 1990) was recommended based on consideration of spawning potential ratio (SPR), i.e., the ratio of the reproductive output of an exploited stock relative to that calculated for the same stock under unexploited conditions. Both theoretical arguments and empirical observations suggest that stocks with a SPR below 20-30% are threatened with collapse (Goodyear 1989) . More recent studies (see Appeldoorn 1996) suggest that even these levels may not be sufficient, especially for large species. Simple modeling based on larval dispersal alone showed that in overfished stocks, the optimum percent area closed (in terms of fishery yield) increased up to 50% as the intensity of fishing increased (Sladek Nowlis and Roberts 1997). However, blanket use of such percentages may not conform to the specific physiographic or fishery realities of individual areas, may incite unnecessary initial antagonism in regulated interests, and should be used with care. In some instances, protection of substantially lesser percentages of area may protect significant spawning production in the form of key aggregation sites (e.g., Beets and Friedlander 1999) , or may be the only politically feasible options. For example, with 25 no-take areas developed over ten years of consensus building and research, and supported by substantial resources (financing, infrastructure, capacity), the Florida Keys National Marine Sanctuary includes only 5% of its area in no-take reserves.
While estimates of the area covered are not available for all Caribbean reserves, just 7,900 km 2 are nominally protected within the 75% of the reserves for which measures of spatial extent are available. To put this in Table 2 . In terms of total shelf area of the Caribbean, the current reserves protect only a small fraction. If attention is restricted to the nearshore reefs on islands with narrow shelves and to Mesoamerica, the situation is only marginally better on a regional basis. For example, the 30 marine reserves in Bermuda protect less than 2% of the platform. Only in Belize is the extent of protected area approaching suggested levels. Grimshaw and Wade (2001) reported that 28% of the mud benthos in Belize (Corozal Bay) is protected, while 9 and 7% of the coral spur and groove and reef crest habitats, respectively, are protected. For patch reefs and seagrass habitats, however, protected coverage runs less than 3%. While there are social, economic and biological impediments to establishing marine reserves, the extremely small area currently under nominal protection in the region cannot be explained soley by these terms, but rather reflects the low priority allotted to marine and coastal resources in proportion to their local and regional economic importance.
Connectivity and network design
Cross-shelf. On the local scale, many reserves include not only reef environments, but also associated seagrass, patch reef and mangrove environments. On narrow shelves, such as in St. Lucia or St. Eustatius, reserves are typically designated from the shoreline out to unspecified depths; thus all habitats are included, but the area and range of different habitat types may be quite small. This suggests that efforts are being made to include supporting habitats to enhance local habitat connectivity. Nevertheless, the small size of most reserves (Figure 4 ) suggests that they are of insufficient size to protect all life stages and, in fact, the majority of reserves primarily protect only a part of a reef system, often offshore. In contrast, many reef fishes and invertebrates primarily utilize shallow, vegetated habitats during their early ontogeny. Available information for over twentyfive grunt and snapper species in the Caribbean indicates that successful settlement on deeper shelf reefs does not commonly occur in approximately two-thirds of these species (Lindeman et al. 1998) . In terms of trophic relationships, recent studies linking the distribution of grunts and snappers to the extent of available feeding habitat (Kendall et al., in press, Appeldoorn et al. 2003) suggest that populations on a single patch reef forage out to at least 500 m and maximally to 1,000 m, representing areas of 78 and 314 ha, respectively. Over 25% of the Caribbean reserves for which areas are known, and all of the Bermuda reserves, are less than 350 ha. This suggests that large numbers of reserves may not even encompass the daily foraging range of common reef fish species.
Connectivity requirements based on consideration of ontogenetic migrations argue that local reserves be larger still, or that several small reserves within an area be linked. Such demersal migrations may be on the order of 1 to 10 km depending upon the distribution of habitat (Appeldoorn et al. 1997 , Appeldoorn et al. 2003 , translating to areas greater than 1,000 ha, again depending on the distribution of habitat. For those reserves for which data are available, fully 50% are greater than this, and 41% are greater than 2,000 ha. While this is encouraging, size alone is insufficient to ensure local habitat connectivity. For example, the Marine Conservation District off St. Thomas, USVI, although the largest reserve in the US Caribbean (5,488 ha), is restricted to deep shelf and shelfedge habitats. The latter are particularly critical spawning habitat for aggregating fishes, which have increased dramatically since afforded areal protection (Beets and Friedlander 1999) . However, full habitat connectivity is not guaranteed because none of the shallow reef, seagrass or mangrove habitats along the southern coast of St. Thomas that serve as settlement, nursery and foraging areas are fully protected.
Regional. Connectivity on the regional scale depends on the ecologically effective range of larval transport, and this will vary among species and according to many other temporal variables. That marine reserves are spread throughout the region is encouraging, as this helps minimize the distance between any two reserves. If larval retention can occur on the scale of 100 km (Jones et al. 1999 , Swearer et al. 1999 , Cowen et al. 2000 , Ramirez Mella 2000 , then the spatial distribution of current reserves is still insufficient to guarantee connectivity, except perhaps in Mesoamerica. Further evidence supporting larval retention at this scale comes not only from new information on the physical dynamics of current flow (e.g., Lee and Williams 1999) but also from new information and reviews of larval behavior . On the expected scale of larval retention, geographic gaps in the distribution of reserves around the Caribbean basin shown in Figure 2 may act as replenishment barriers, especially for depleted commercial fish populations. The map also suggests that some island or bank locations could function as critical stepping stones if adequately protected. Examples include Aves Island in the mid-eastern basin, Swan Island between Mesoamerica and Cuba, and the Colombia reefs and Jamaican banks in the western basin.
For larval connectivity to be maintained, significant adult spawning stocks must be protected. Based on genetic arguments, a minimum effective breeding population size has been estimated at about 500 individuals (Franklin 1980, Lande and Barrowclough 1987 ). Thus, one can then extrapolate, for example using data for coral trout (a medium-sized Indo-Pacific grouper), a minimum reserve size of 10 km 2 of appropriate habitat, based on an average home range of 20,000 m 2 /fish (Zeller 1997 ) with little overlap among individuals. However, half the Caribbean reserves were smaller than 10 km 2 , and with little local replication of reserves it is impossible to protect a sufficient spawning stock for manyspecies. Furthermore, reserve sites have not generally been chosen with larval connectivity or self-sustaining capabilities in mind. Spawning aggregation sites for large groupers and snappers are obvious source locations for larval connectivity and the vulnerability of such species argues further for their protection. Despite this, only four Caribbean reserves (Gladden Spit and Half Moon Cay in Belize, Chinchorro Bank in Mexico, Marine Conservation District in St. Thomas) were specifically designed, among other goals, to encompass spawning aggregation sites. Until recently, inter-regional scales of connectivity have infrequently been a primary criterion in final reserve decision-making although an associated factor, presence of spawning aggregations, has influenced final decisions in Florida (Lindeman et al. 2000) . In many current marine reserve design processes, large-scale connectivity issues are now being discussed among scientists, but inter-reserve connectivity is still too infrequently used by managers as a key criterion. Such criteria are needed as it is increasingly plausible that individual reserves can function in a "win-win" manner, in which increased larval production may enhance both local and distant stocks (i.e., significant amounts of larvae may be both advected and retained). At present, larval connectivity criteria must be based on the general patterns available from a few detailed studies. The understanding of site-specific larval dispersal and connectivity patterns will only occur over long time frames as the processes involved are variable over time and must be studied over large spatial and temporal scales.
Administrative attributes and compliance
Effective compliance of marine reserves is a significant problem, with the highest level of compliance being reported for only 16% of the reserves. In a previous survey of Caribbean MPAs, Kelleher et al. (1995) reported that two-thirds were "not achieving full management capacity". Thus, the rate of full compliance found may be substantially lower than previously reported. However, sufficient compliance (Levels 3 and 4) at which some tangible benefits may be expected was reported for slightly over half the reserves (55%) in our study, and this is greater than previous estimates, where "some enforcement" was reported for 31% of MPAs ( Van't Hof 1988) . Funding agencies often require the establishment of reserve areas within larger MPAs and mandate the development of management plans and advisory committees. Unless such mandates are taken seriously at the local level, there is no guarantee they will be successful and may promote overly optimistic reports of progress and effectiveness. The low rate of full compliance found in our study, and the nature of the correlations found between compliance and administrative attributes (i.e., the effect of partial scores for management plans and advisory committees), suggest that our efforts to control for such biases were effective, at least in terms of overall trends.
The relationships between compliance and the administrative attributes quantified here do indicate that these attributes can be important. Orstrom (1990) outlined institutional design principles that can be applied to marine reserves if their social and biological goals are to be achieved (see Mascia 2000) . Our list of administrative attributes is not intended to provide a comprehensive measure of the degree to which these principles have been applied or met with respect to individual reserves or collectively. However, each of the attributes are related to design principles in that they indicate if administrative structures or functions exist that would allow these design principles to be met. For example, one of the design principles is that there should be well-defined boundaries on both the resources (area, species) to be managed and the participants to be included in consultative processes. A written management plan should be the instrument that defines these boundaries. A second principle is that there should be specific mechanisms for conflict resolution. An advisory committee and an onsite manager could obviously aid in this function on the long and short time scales, respectively, although in our study there is no guarantee that these were established to serve in this capacity. One simple interpretation of our results is that the probability of effective compliance is enhanced if there is some administrative structure to the reserve and, more importantly, that there is some perception that this structure is playing an active role, even at a reduced level. Nevertheless, we recognize that compliance and associated enforcement issues involve several possible parameters not measured here and encourage more detailed examination of this issue.
Future trends
The rate at which marine reserves will be established in the near future is expected to continue at current or even greater rates. There are several new initiatives within the region that should contribute substantially to the number of reserves and the amount of area protected, as well as fill in some key geographic gaps. For example, in the Sea Flower Biosphere Reserve in the San Andres Archipelago a series of fully-protected areas are being planned for seven platforms within the reserve. These will include representatives of all habitats found, and the complete set may act as important stepping-stones for larval connectivity within the western Caribbean basin. A significant increase in protection will also occur in the eastern Greater Antilles. Two large reserves (St. John, St. Croix) have recently been mandated for the U.S. Virgin Islands under a Presidential Order, while in Puerto Rico, 3% of the shelf is mandated for reserve-based protection. In the northeast Caribbean, an additional five reserves have been announced for the Bahamas with the specific goal of protecting spawning sites of Nassau grouper, and in Cuba, the Caribbean's largest island, a substantial new MPA initiative is underway.
Furthermore, there were several areas identified during the survey that offer protection to a subset of species. For example, while no full reserves were located in the Dominican Republic, there are two nominally protected areas for queen conch, one in Parque del Este on the southeast end and the other in Parque Nacional Jargua on the southern tip. Partial reserves such as these, within larger established MPAs, indicate both a willingness and legislative capability to protect resources on an areal basis. Such areas are potentially important seeds for future reserve development.
Despite the above trends, progress in establishing marine reserves within the region has been slow, and many reserves are still being designated for specific, narrowly defined purposes (Van't Hof 1988) and not in full consideration of their potential role within a local or regional network that would enhance overall benefits. Recent studies indicate that Caribbean marine communities have been substantially altered by overharvesting (Jackson 1997 , Jackson et al. 2001 , while threats to coastal habitats and water quality are increasing, thus compounding the urgency to best conserve and manage the region's marine resources. Also, low compliance, perhaps being driven by top-down pressures from central governments or funding agencies is a problem that must be overcome. Our results suggest that properly planned and implemented administration can significantly enhance the probability of reserve success. Funding agencies need to specifically address the problem of compliance/enforcement from the onset, and build into the process appropriate education and outreach processes that foster local involvement, acceptance, and compliance.
